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PHOTO  CAPTION P-46983 
June  13,  1996 
Hong  Kong 
L & C bands 

This spaceborne radar image shows part of the  British  territory of Hong Kong, adjacent to 
mainland China. The South  China Sea is  shown  in dark blue and  red  on  the image. Land 
surfaces are seen  in shades of lighter blue and  gold, including Hong  Kong Island in the lower 
center, the Kowloon Peninsula in  the  upper right and  many  other small islands. The brightest 
yellow areas are the  densely developed areas of Hong Kong's business and residential districts. 
The small yellow dots in  the  water are the  many ships that  make Hong Kong one of the busiest 
seaports in the Far East. Images such as this can  be used by land use planners to monitor 
urban development and its effect on the tropical environment. The image was acquired by the 
Spaceborne Imaging Radar-C/X-Band Synthetic Aperture Radar (SIR-CK-SAR) onboard the 
space shuttle Endeavour on October 10, 1994. The image is 23 kilometers by 3 1 kilometers 
(14 miles  by 19 miles) and  is centered at  22.3 degrees North latitude, 114.1 degrees East 
longitude. North is toward  the  upper right. The colors are assigned to different radar 
frequencies and polarizations of the  radar  as follows: red is L-band, vertically transmitted and 
received; green is C-band, vertically transmitted and received; and blue is C-band minus L- 
band, both vertically transmitted  and received. SIR-CK-SAR, a joint mission of the German, 
Italian, and United States space agencies, is  part of NASA's Mission to Planet Earth. 
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PHOTO CAPTION P-46293 
October  26, 1995 
Oil Slicks 

This is  a radar image of  an offshore drilling field  about 150 km (93 miles) west  of Bombay, 
India in  the  Arabian Sea. The dark streaks are extensive oil slicks surrounding many of the 
drilling platforms, which  appear as bright  white  spots. Radar images are useful for detecting 
and measuring the extent of oil seepages on  the  ocean surface, from both natural and industrial 
sources. The long, thin streaks extending from many of the platforms are spreading across the 
sea surface, pushed by local  winds. The larger dark patches are dispersed slicks that  were 
likely discharged earlier than  the longer streaks, when  the  winds were probably from a 
different direction. The dispersed oil will eventually spread out over the more  dense water and 
become a layer which is a single molecule  thick.  Many forms of oil, both from biological and 
from petroleum sources, smooth out the  ocean surface, causing the area to  appear dark in radar 
images. There are also two forms of ocean  waves  shown in this image. The dominant group 
of large waves (upper center) are called internal waves. These waves are formed below  the 
ocean surface at  the  boundary  between layers of warm  and cold water and  they appear in  the 
radar image because of the  way  they  change  the  ocean surface. Ocean swell, which are waves 
generated by winds, are shown throughout  the image but are most distinct in the blue area 
adjacent to  the internal waves. Identification of waves provide oceanographers with 
information about  the smaller scale dynamic processes of the ocean. This image was 
acquired by the Spaceborne Imaging Radar-C/X-Band Synthetic Aperture Radar (SIR-C/X- 
SAR) aboard the space shuttle Endeavour on October 9, 1994. The colors are assigned to 
different frequencies and polarizations of the radar as follows:  Red  is L-band vertically 
transmitted, vertically received; Green is the  average of L-band vertically transmitted, 
vertically received and  C-band vertically transmitted, vertically received; Blue is C-band 
vertically transmitted, vertically received. The image is located at 19.25 degrees north latitude 
and 71.34 degrees east longitude and covers an area 20 km by 45 km (12.4 miles by 27.9 
miles). SIR-C/X-SAR, a  joint mission of the German, Italian, and  the United States space 
agencies, is part of NASA's  Mission  to Planet Earth. 
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PHOTO CAPTION P-46021BC 
Weddell Sea 

This radar image shows two  large  ocean  circulation features called eddies at  the northernmost 
edge of the sea ice  pack of the  Weddell Sea, off Antarctica. The eddy processes in this region 
play an important role in  the circulation of the  global ocean and  the transportation of heat  toward 
the pole. This is the first wide-swath  multi-frequency, multi-polarization radar image ever 
processed. To date, no other spaceborne radar sensors have obtained swaths exceeding 100 
kilometers (62 miles)  in width. This developmental image was  produced  at  NASA's Jet 
Propulsion Laboratory by  the  Alaska  SAR Facility's ScanSAR processor system using radar data 
obtained on October 5, 1994 during the  second flight of the Spaceborne Imaging Radar C/X- 
Band Sythetic Aperture Radar onboard the space shuttle Endeavour. The image is oriented 
approximately east-west, with a center location of around 56.6 degrees South  and 6.5 degrees 
West. Image dimensions are 240  kilometers by 350 kilometers (149 miles by 218 miles). The 
ocean eddies have a clockwise (or cyclonic) rotation  and are roughly 40 to 60 km (25 to  37 
miles) in diameter. Small sea-ice floes that are swept along by surface currents, are shown both 
within the eddies and to the  south of the eddies in  this image. Several distinct forms of sea ice 
are visible including grease ice (a slushy viscous  form of  new ice) which appears smooth and 
dark on the radar image; pancake ice, typically small, 1 to 2 meter (3 to 7 feet) diameter rounded 
ice floes formed by the clumping of grease ice  under  waves,  which appears bright  in the radar 
image and filamentous (lighter green); and first-year, seasonal ice, typically 0.5 to 0.8 meter (1.5 
to 2.5 feet) thick, seen  in  the  lower right corner as  darker green color. The open ocean to the 
north is uniformily bright due to high  winds  making  the surface rough. The colors in this image 
were obtained using  the following radar channels: L-band vertical transmit-vertical receive (VV) 
is blue, L-band horizontal transmit-vertical receive (HV) is green, and C-band VV is red. The 
ScanSAR processor is being designed for 1996 implementation at NASA's Alaska SAR Facility, 
located at the University of Alaska Fairbanks, and  will produce digital images from the 
forthcoming Canadian RADARSAT satellite, whose C-band HH (horizontal transmit-horizontal 
receive) polarization radar will operate in a wide-swath (300 to 500 kilometer/l86 to 3  10 mile) 
mode. In order to test the processor for this example, a wide-swath (over 200 kilometer/l25mile) 
data set from the SIR-C/X-SAR flights was  used. 
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PHOTO  CAPTION P-47974 
October  24,  1996 
Palm  Valley,  Australia ' 

L & C bands 

This spaceborne  radar  image  shows  mountains  and  valleys  in  the  arid  landscape of central 
Australia.  The  mountains  are  part of the  MacDonnell  Ranges  in  the  Northern  Territory 
of Australia, just west of  the  town  of  Alice Springs. The  prominent linear and curving bands are 
outcrops of sedimentary  rocks  that  have  been  folded  and  tilted  during  ancient  episodes of 
mountain building. These rock  layers  provide  traps for natural gas, which  is currently being 
extracted  from  this  area  for  commercial  use.  The  dark  brown  and  blue  area  in  the center of  the 
image is a broad  valley  covered  with  recent  gravel  sediments  and grasses. The Finke River cuts 
across  the  mountain ridge in  the  upper  right,  and  continues  in a deep canyon  in  the  lower center 
of  the  image.  Above  and to the  left of the  river  canyon  is a broad  oval-shaped  valley  with blue 
patches. This is Palm Valley,  which contains rare species of palms, some of which can be 
traced  back,  virtually  unchanged,  in  the  fossil  record  more  than 50 million  years. Scientists are 
using  radar data of this  region  in  studies of oil  and  gas exploration, landscape and soil evolution, 
and  plant eco1ogy.h a joint program  between  NASA  and  several South Pacific  and  Asian 
countries including  Australia,  high  resolution  radar  images  and  topography data are to be 
collected by JPL's Airborne  Synthetic  Aperture  Radar ( A I R S A R )  onboard a NASA DC-8 
aircraft  in  the  fall of 1996 to give  scientists a more  detailed  view  of  the  region. This image was 
acquired by the  Spaceborne  Imaging Radar-CK-band Synthetic  Aperture  Radar (SIR-CK- 

59.8 kilometers (56 miles by 37.1 miles)  and is centered  at 24 degrees south latitude, 
132.7 degrees east longitude. North is toward  the  upper right. The colors are assigned to 
different radar  frequencies  and  polarizations of  the radar  as  follows:  red is L-band,  horizontally 
transmitted  and received; green  is  C-band,  horizontally  transmitted,  vertically  received;  and blue 
is  the ratio of C-band  to  L-band,  both  horizontally  transmitted  and received. SIR-CK-SAR, a 
joint mission of the  German,  Italian  and  United  States space agencies, is  part  of NASA's 
Mission  to  Planet Earth program. 

@ S A R )  onboard  the space shuttle Endeavour  on  April  13, 1994. The image is 90.4 lulometers by 
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PHOTO CAPTION P-45861 
July ZU, 1995 
Los Angeles, California 

This radar image shows the massive urbanization of Los Angeles, California. 'The image 
extends from the Santa Monica B3y at the left 10 the San Gabriel Mountains at the right. 
Downtown Los Angeles is in the center of the image. The runways of the Los h g e l e s  
International Airport appear as black strips at  rhe left center of the image. The 
waterways of Manna. del Key are seen just above the airport The San Gabriel Mounbins 
and the city of Pasadena are at the right center of the image. Black areas on the 
mountains on the right are tire scars from the 1993 Altadena fire. The Rose Bowl is 
shown as a small circle near the right center. The complex freeway system is visible as  
dark lines r,hroughour the image. Some city mas, such as Santa Monica in the upper left, 
appear red due to the alignment of streets and buildings to the incoming radar beam. Thc 
image was acquired  by tl1e Spaceborne Imaging Radar-CK-bmd Synthetic Apcrcur~ 
Radar (SIR-CK-SAR) onboard the space shuttle Endeavour on Octobcr 3,1994. 
SIR-C/X-SAR, a joint mission of h e  German, Italian and thc Unitcd Statcs space 

agencies, is part of NASA's Mission to Planet Earth. This imagc is ccntcrcd at 34.04 
degrees North latitude and 118.2 degrees West longitude with N o d  pointing toward the 
upper right. The area shown measures 40 kilometers by 50 kilomctcrs (25 miles by 3 1 
miles). 
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%Auttie Radar Topography Nlission Equiient ClocWb from upper left: My extended sixty meter mast; 
Ldrsrd anteMa with attitude sensors and canister (STS 88 crew in f m g r o u n d ) ;  Radar electronics on shuttle palet; 
Outbard antenna with mast stowed in canister. 
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The  image is an interferometric map of the Hector Mine earthquake area showing the 
ground displacement along the radar line of sight. One full color cycle represents 10 cm 
of range displacement. Gray areas are zones of  low phase coherence that have been 
masked before unwrapping. Dotted lines depict California faults, after Jennings (1975), 
and thick, solid lines the Landers , 1992 surface rupture, after Sieh et al. (1993). Thin, 
solid lines within zone of dense fringes are surface breaks inferred from azimuth and 
range disparities (offsets) between before and after images, and phase discontinuities. 

90 m digital elevation maps. The rapid orbits from the ESA D-PAF were used to 
determine the interferometric baseline and to flatten the map. A small phase ramp was 
removed manually to minimize the far field displacement. Processing from RAW data to 
interferogram and geocoded map  was done using the JPL/Caltech ROI-PAC software 
package. 

The radar data were acquired by the European Space Agency ERS-2 satellite on 
September  15 and October 20, 1999. The data used here cover frames 2907 and 2925 of 
descending track 127. The post-earthquake data were purchased from  Eurimage  and 
transfered from the Centre Canadien de Teledetection to JPL via FTP. 

The topographic phase has  been  removed using a combination of the USGS 30 m and 
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SAR INTERFEROMETRIC  MAP OF LOS  ANGELES  AND  SCIGN  STATIONS 

ERS radar data: ESA G. Peltzer, 1996 - J P L  



The image shows a surface displacement map of the Los Angeles area generated by 
interferometric processing of Synthetic Aperture Radar (SAR) data. Diamonds depict the 
location of existing and  future GPS stations of  the Southern California Integrated GPS 
Network (SCIGN). Black  lines are mapped  active faults. The colors of the radar image 
represent the change in range due to surface displacement toward the satellite antenna, 
which is illuminating the  area  from  the east with an incidence angle of 23 deg. off the 
vertical. One full color cycle represents 5.6 cm of range change between the dates of 
acquisition of the radar data (20 October, 1993 - 22 December, 1995). Gray areas within 
the radar swath are zones where  the radar correlation is  lost  due to steep slopes and 
seasonal change of the vegetation. Surface displacement in the Los Angeles region is 
primarily due to the tectonic activity. For example, the concentric rings visible along the 
western edge of the SAR  swath is the  result of the surface uplift produced by the M6.7 
Northridge earthquake of January 17, 1994. Other features visible  on the image are 
related to human activity such as water  and  oil withdrawal. Regions of ground subsidence 
include the Pomona (P) area (water), the Beverly Hills (BH) oil field (oil) and localized 
spots in  the San Pedro and Long Beach airport (LBA)  area (probably oil industry 
activity). Noticeable surface uplift is observed in Santa Fe Springs oil field (SFS) and 
east oI- Santa Ana (SA). Surface uplift in these areas may result from the recharge of 
aquifers or oil fields with water, or  from the poro-elastic response of the ground 
subsequent to water or oil withdrawal. The combined analysis of SCIGN data and radar 
interferometric maps provides scientists with unprecedented temporally and spatially 
dense information about movements of the surface, bringing new insights into long term 
motion  on faults and their seismic cycle, and into effects of  human activity. The radar 
data were acquired by the European Space Agency ERS-1 satellite. The data processing 
was made at  the Jet Propulsion Laboratory. The  fault  map is from  the US Geological 
Survey. 







This image, produced with interferometric  measurements  made by the Spaceborne 
Imaging Radar-C and  X-band  Synthetic  Aperture  Radar  (SIR-C/ X-SAR) flown on the 
Space Shuttle last fall, has  provided  the  first  detailed  measurements  of  the mass and 
motion of the  San  Rafael  Glacier.  Very  few  measurements  have  been  made  of  the 
Patagonian ice fields, which  are  the  world's  largest  mid-latitude ice masses and account 
for more than 60 percent of the  Southern  Hemisphere's  glacial  area outside of Antarctica. 
These features make  the  area  essential for climatologists  attempting  to  understand  the 
response of glaciers on a global  scale  to changes in climate, but  the region's 
inaccessibility  and  inhospitable  climate  have  made it nearly  impossible for scientists to 
study  its  glacial  topography,  meteorology  and  changes over time. Currently, topographic 
data  exist for only a few  glaciers  while  no  data  exist for the  vast  interior  of  the ice fields. 
Velocity  has  been  measured on  only  five  of  the  more  than 100 glaciers, and  the data 
consist of only a few  single-point  measurements. 

The interferometry  performed by the  SIR-C/X-SAR  was  used  to generate both a digital 
elevation  model of the  glaciers  and a map of their  ice  motion  on a pixel-per-pixel  basis  at 
very  high  resolution for the  first  time. The data  were  acquired from nearly the same 
position in space on October 9, 10 and 11, 1994, at  L-band  frequency  (24-cm 
wavelength),  vertically  transmitted  and  received  polarization,  as the Space Shuttle 
Endeavor flew  over  several  Patagonian  outlet  glaciers of the  San  Rafael Laguna. The area 
shown in these  two images is 50 lulometers by 30 lulometers (30 miles by 18 miles) in 
size and is centered  at  46.6  degrees  south  latitude, 73.8 degrees  west longitude. North is 
toward  the  upper  right. 

The top image is a digital  elevation  model of the  scene,  where color and  saturation 
represent  terrain  height  (between 0 meters  and 2,000 meters  or  up  to 6,500 feet) and 
brightness  represents  radar  backscatter.  Low  elevations  are  shown in blue  and  high 
elevations are shown in pink. The digital  elevation  map of the glacier surface has a 
horizcntal resolution of 15 meters (50 feet)  and a vertical  resolution of 10 meters (30 
feet). High-resolution  maps  like  these  acquired  over  several  years  would  allow scientists 
to calculate directly  long-term changes in the  mass of the  glacier. The bottom image is a 
map of ice  motion  parallel  to the radar look  direction only, which is from the top of the 
image. Purple indicates  ice  motion  away from the radar at  more  than 6 centimeters per 
day; dark  blue  is  ice  motion  toward  or  away at less  than 6 cm  per day; light blue is 
motion  toward  the radar of 6 cm  to 20 cm  (about 2 to 8 inches) per day; green is motion 
toward  the radar of 20 cm  to  45  cm  (about 8 to 18 inches) per day; yellow is 45 cm to 85 
cm (about 18 to 33 inches) per day; orange  is 85 cm  to 180 cm  (about 33 to 71 inches) 
per day; red is greater than 180 cm  (71 inches) per day. The velocity estimates are 
accurate to  within 5 millimeters  per  day. The largest  velocities are recorded  on the San 
Rafael Glacier in agreement with previous  work. Other outlet glaciers exhibit ice 
velocities of less  than 1 meter per day. Several  kilometers  before its terminus, (left of 
center) the  velocity of the  San  Rafael  Glacier  exceeds 10 meters  (32 feet) per day, and  ice 
motion  cannot be estimated  from  the  data. There, a revisit  time  intervaJ of less than 12 
hours  would  have  been  necessary to estimate  ice  motion  from  interferometry data. The 
results  however  demonstrate  that  the  radar  interferometry  technique  permits  the 
monitoring of glacier  characteristics  unattainable by any  other means. 
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